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(54) THREE-PHASE COMMUTATOR MOTOR 

(57)Abstract: 

PURPOSE: To prevent a spark discharge between a commutator 
and a brush by coupling an armature coil to a commutator segment 
in a delta-connection. 

CONSTITUTION: A commutator 4 is energized at armature coils 
(EC) 3a, 6a and ECs 3c, 6c in a direction of an arrow in a rotating 
zone of 60 degrees in a direction of an arrow A, and short-circuited 
with ECs 3a, 6b by a brush 5b. The ECs 3a, 6a and ECs 3b, 6b are 
energized in a direction of an arrow in a next rotating zone of 60 
degrees, and the ECs 3c, 6c are short-circuited by a brush 5a. The 
ECs 3a, 6a are short-circuited by the brush 5b in a next rotating 
zone of 60 degrees, and the ECs 3b, 6b are energized in a direction 
of an arrow, and the ECs 3c, 6c are reversely energized to the 
direction of the arrow. The ECs 3a, 6a and 3c, 6c are reversely 
energized to the direction of the arrow in a next rotating zone of 60 
degrees, and the ECs 3b, 5b are short-circuited by the brush 5a. 
Incidentally, widths of the brushes 5a, 5b are smaller than 1/2 of the 
widths of commutators 4a-4c. A separate angle of the brushes 5a, 
5b becomes an odd times as large as 1/2 of the widths of 
commutator segments 4a-4c. 
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[Embodiment ] 

Next, referring to Figure 1 onward, the details of the present 
invention will be described in relation to the embodiment . Hereafter, 
all the angle indications shall be taken as electrical angles. Figure 
1 is developments of field magnets of a coreless three phase DC motor 
having a commutator and a brush and armature coils. The field magnet 
1 is fixed, and there are four N and S magnetic poles indicated as 
reference numerals la and lb, . . . and so forth. An arrow F is an angle 
of 180 degrees, and there is no magnet in a shaded portion. Each width 
of arrows J and K of the shaded portion is an angle of 30 degrees, 
respectively. Consequently, a width of the portion where a magnetic 
flux exists is 120 degrees. A width of the coil portion effective 
for the torque of the armature coil is 180 degrees, and a phase difference 
between the armature coils 3a, 3b, ... is 120 degrees. While the 
armature coils having the same phase are connected in series, they 
may be connected in parallel. The armature coils 3a and 6a of a first 
phase, the armature coils 3b and 6b of a second phase, and the armature 
coils 3c and 6c of a third phase are delta-connected. Figure 4 is 
a top plan view in which the armature coils are disposed in a disk 
shape. In Figure 4, each armature coil is fan-shaped, and is wound 
flat, and the armature coils 3a, 3c, and 6b are disposed on the upper 
layer, while the armature coils 3b, 6a, and 6c are disposed on the 
lower layer, and a rotary armature 8 is formed in a disk shape by 
plastic molding. In the center of the rotary armature 8, a rotary 
shaft 12 is embedded and fixed., and a commutator 4 synchronously rotated 
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with the rotary shaft 12 is fixed. Although each armature coil is 
embedded inside the rotary armature 8, for clarity of the disposition 
of the armature coil, it is shown exposed. The armature 8 is 
characterized in that, by dividing the armature coils into the upper 
and lower two layers, it can be formed flat. A field magnet 1 is fixed 
at the side surface of the rotary armature 8, and a mild steel sheet 

(also used as an external wall) which becomes a magnetic path is fixed 
at the other side surface. A commutator 4 is shown in Figure 1 with 
the same reference numeral, and is formed by commutator blades 4a, 
4b ... having a width of 120 degrees. 

[0006] 

The instance of a cup shaped rotary armature will be described 
in relation to Figures 5 and 6. Figure 5 is a sectional view, in which 
a rotary armature 7 embedded with an armature coil in a cylindrical 
surface and a central portion of the commutator 4 are fixed to the 
rotary shaft 12, and the rotary shaft 12 is pivotally supported by 
bearing which is not shown. The inner side of the armature 7 is fixed 
with a column-shaped field magnet (shown by reference numeral 1 of 
Figure 1) , and its magnetic pole surface is opposed to the cylindrical 
inner surface of the armature 7, and at the lateral surface, a mild 
steel cylinder, which is also used as an external frame, is a magnetic 
path. A development of the armature coil embedded together with the 
rotary shaft 1 in the cylindrical surface of the armature 7 by plastic 
molding is shown in Figure 6. In Figure 6, the installation of the 
armature coils 3a, 3b, 3c, 6a, 6b, and 6c is the same as that of the 
armature coils having the same reference numerals of Figure 1. The 
armature coils 3a, 3c, and 6b are disposed on the upper layer, while 
the armature coils 3b, 6a, and 6c are disposed on the lower layer, 
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thereby forming the upper and lower dual-layer which is embedded in 
plastic in disk shape, and therefore, the thickness of the cylinder 
can be reduced to the minimum. Consequently, this has an effect of 
enlarging a filed magnetic flux which runs throughout. The armature 
coil is wound in-line, and is formed flat with its width made smaller 
than 60 degrees. Therefore, a linear moment of the coil becomes the 
maximum, and a copper loss is reduced to the minimum. This has an 
effect of making an output torque and efficiency maximum. It is 
possible to stack and form the armature coils into the upper and lower 
dual-layers only in case the number of magnetic poles of the field 
magnet 1 is four, eight, in other words 4n magnetic poles (n 

is an integer of 1 or more) . One of the features of the technology 
of the present invention is that the number of armature coils is 6n 
and the coils are divided into a first group and a second group of 
3n armature coils pieces each and disposed in the upper and lower 
layers. This is quite the same as the rotary armature of Figure 4. 
[0007] 

Figure 10 shows a field magnet fixed to the inner side of the 
cup shaped rotary armature 7 of Figure 5. In Figure 10, the end surface 
of the mild steel cylinder 17 which is the magnetic path is fixed 
to the outer frame, and a ball bearing is provided between a vacancy 
17a of the center portion and the rotary shaft 12 to pivotally support 
the rotary shaft 12 of Figure 5. The N and S magnetic poles of the 
field magnet is attached to the outer periphery of the mild steel 
cylinder 17 as illustrated, and the widths in the circumferential 
direction of the N and S magnetic poles la, lb, . . . are 120 degrees 
and separated 60 degrees apart from each other. The angles between 
the dotted lines are mechanical angles, and are 90 degrees. As will 
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be described later, since means for destroying the magnetic filed 
is adopted so that an induced electromotive force is not generated 
when the armature coil passes through a section of 60 degrees between 
the N and S magnetic poles, the generation of a negative torque is 
prevented. Other means may be adopted if it achieves the same purpose . 
[0008] 

Figure 11 shows a field magnet in the case of the rotary armature 
of Figure 7 to be described later. At the side surface of the rotary 
armature of Figure 7 , a mild steel disk plate 14a of Figure 11 is 
placed in juxtaposition and fixed, while being used as an external 
wall. A ball bearing outer ring is fixed in the central vacancy 14 
of the mild steel disk plate 14a, and the rotary shaft 12 of Figure 
7 is pivotally supported in the inner ring. The width in the 
circumferential direction of the N and S magnetic poles la, lb, . . . 
of the field magnet is 120 degrees, and the magnetic poles are mutually 
separated 60 degrees apart, and are adhered on the mild steel disk 
14a. The angles between the dotted lines are mechanical angles, and 
are 4 5 degrees . In the case of the rotary armature of Figure 4 , similar 
structure is used in which there are four N and S magnetic poles, 
each magnetic pole width is 12 0 degrees, and each magnetic pole mutually 
separated 60 degrees apart. 
[0009] 

In Figure 1, the armature coils 3a, 3b, 3c, 6a, 6b, and 6c and 
the commutator blades 4a, 4b, . . . are connected as illustrated. Each 
armature coil and the commutator 4 are synchronously rotated in the 
direction of the arrow A. The brushes 5a and 5b are supplied with 
the power from DC power source positive and negative terminals, and 
slidably contact with the commutator 4. The widths of the brushes 



- 4 - 



5a and 5b are set slightly smaller than a half of the width of the 
commutator blade . Figure 3 shows a circuit diagram in case the armature 
coil is Y-connected and delta-connected . Only three commutator blades 
4a, 4b, and 4c are shown, and the upper side is Y-connected and the 
lower side is delta-connected. The separated angle between the brushes 
5a and 5b is an odd multiple of a half of the width of the commutator 
blade. In the case of the Y-connection, when the commutator 4 rotates 
in the direction of the arrow A, the power to the armature coils 3a, 
6a, ... of the first, second, and third phases are sequentially blocked, 
and at this time, an accumulated magnetic energy is discharged by 
a pyrotechnic discharge between the commutator blades and the brushes. 
Further, when the brushes and the commutator blades, which are slidably 
contacted, are separated, the same pyrotechnic discharge occurs. 
Consequently, the durable hours of the commutator and the brushes 
are shortened, and there arises an inconvenience of losing a practical 
use. In the case of the motor having the output of 30 watt or more, 
since the accumulated magnetic energy is large, such an inconvenience 
is further fomented. 
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